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HYDRAULIC SYSTEM 



The invention relates to a hydraulic steering system for 
mobile machinery. 

In vehicles having a hydraulic system for implement 
operation - e.g. wheeled loaders, excavators, combine 
harvesters and fork lift trucks - the steering system is 
generally also hydraulic. The reasons for this lie in 
identical demands of the machinery and the vehicle steering 
system on the control system - e.g. high actuating energy - 
and in the cost -minimizing utilization of common hydraulic 
units such as e.g. hydraulic pumps or control blocks for 
the mobile machinery and the vehicle steering system. 

In a hydraulic steering system according to WO 99/55573 Al, 
steering of the vehicle is effected by means of two 
steering cylinders, the adjusting pistons of which are 
mechanically connected to the vehicle axle and displaceable 
in the respective steering cylinder. For the displacement 
of the adjusting piston in the respective steering 
cylinder, the position of which in the steering cylinder 
fixes the steering direction and steering angle of the 
vehicle, defined adjusting pressures are summoned up in the 
two adjusting pressure chambers of the respective steering 
cylinder that are separated by the adjusting piston. 
Setting of the adjusting pressure level for the respective 
adjusting pressure chamber that corresponds to the steering 
angle of the vehicle as well as correct feeding of the 
correctly set adjusting pressure into the adjusting 
pressure chamber in the two steering cylinders that is 
appropriate for the intended steering direction of the 
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vehicle is effected in different ways depending on the 
steering organ used. 

If a steering wheel is used as a steering organ, then a 
5 hydrostatic steering unit that is varied by means of the 
steering wheel is used to distribute the hydraulic fluid, 
which is delivered by a pressure- and flow-rate-controlled 
hydraulic pump, to the two adjusting pressure chambers of 
the two steering cylinders in the correct manner for the 
.0 steering direction and steering angle. in the case of a 
joystick as a steering organ, a pilot unit is used to 
generate in dependence upon the joystick deflection a 
control pressure pair, which is supplied to the control 
inputs of a control valve in a control block. The 

t 

5 deflection of the control valve piston that is produced by 
the control pressure pair leads to feeding of the hydraulic 
fluid, which prevails at the input of the control valve and 
is delivered by the pressure- and flow-rate-controlled 
hydraulic pump, into the two adjusting pressure chambers of 

0 the two steering cylinders in the correct manner for the 
steering direction and steering angle. Instead of 
hydraulic activation, electrical activation by means of an 
electrical signal supplied by the joystick may be realized 
at an electrical actuating solenoid provided at the 

5 adjusting valve. By means of a priority valve the 

hydraulic fluid volume delivered by the hydraulic pump is 
metered load-dependently for the hydrostatic steering unit 
or the control block. 



d Entirely central to this realization of the vehicle 

steering system is the fact that, depending on the intended 
steering angle and the intended steering direction of the 
vehicle, the two adjusting pressure chambers in the two 
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Steering cylinders are loaded with an in each case 
complementary adjusting pressure corresponding to the 
steering direction and the steering angle. This 
presupposes that the pressure differences between the two 
adjusting pressure chambers of, in each case, one steering 
cylinder have to assume positive and negative values in 
accordance with the intended steering direction and the 
intended steering angle. As the hydraulic pump in WO 
99/55573 Al is operated in an open circuit and therefore 
has only one flow direction, the positive or negative 
adjusting pressure difference between the two adjusting 
pressure chambers in, in each case, one steering cylinder 
that corresponds to the intended steering direction and the 
intended steering angle cannot be supplied directly by the 
hydraulic pump. Rather, in such a hydraulic circuit in the 
load circuit additional hydraulic units - for example, a 
hydraulic steering unit or a control block - are needed to 
feed the hydraulic fluid in the load circuit to the 
respective adjusting pressure chambers in the two steering 
cylinders in a correct manner for the steering direction 
and steering angle . 

These additional hydraulic units lead to a not 
inconsiderable increase of the investment costs of a 
hydraulic steering system. The insertion "of additional 
hydraulic units also entails an extra outlay for piping and 
screw connections, which especially at the connection 
points incurs the risk of additional oil leakage points. 
On the whole, the additional hydraulic units and extra 
piping increase the spatial requirement for the hydraulic 
steering system. There is also an increased outlay for 
assembly, maintenance and servicing owing to extra 
components in the hydraulic system. The insertion in 
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particular of variable control valves in the hydraulic 
lines for feeding the hydraulic fluid into the respective 
adjusting pressure chambers of the two steering cylinders 
in a correct manner for the steering angle and steering 
direction leads, in comparison to a load circuit without 
variable control valves, to an additional increase of the 
flow resistance levels in the hydraulic circuit that is 
linked to unnecessary hydraulic energy losses. 

The underlying object of the invention is therefore to 
develop the hydraulic steering system for a mobile machine 
having the features according to the preamble of claim 1 in 
such a way that the two adjusting pressure chambers of the 
two steering cylinders are supplied in accordance with the 
intended steering direction and the intended steering angle 
of the vehicle with a hydraulic fluid at the adjusting 
pressure needed for this purpose in each case directly from 
the hydraulic pump without the insertion of additional 
control- and adjusting devices in the load circuit. 

The object of the invention is achieved by means of a 
hydraulic steering system having the features of claim 1. 

In contrast to the open circuit of the hydraulic steering 
system in WO 99/55573 Al , in the invention a closed circuit 
is used. It is therefore possible through variation of the 
hydraulic fluid flow by means of a variation device to 
generate at the two ports of the hydraulic pump positive 
and negative adjusting pressure differences of variable 
pressure level, which may be supplied directly and without 
the insertion of complex hydraulic units to the inputs of 
the two adjusting pressure chambers of the two steering 
cylinders. Thus, through variation of the volumetric 
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displacement of the hydraulic pump the adjusting pressures 
required for the desired steering angle and the desired 
steering direction may be set relatively easily in the two 
adjusting pressure chambers of the two steering cylinders. 



Besides elimination of the previously described drawbacks 
that are characteristic of a realization according to WO 
99/55573 Al , in a closed circuit vacuums, such as may arise 
in the case of expanding adjusting pressure chambers 
connected in an open circuit to a hydraulic tank, no longer 
occur. These vacuums lead, in the respective adjusting 
pressure chambers, to cavitation and hence progressive 
damage to the steering cylinder and the seals. 

Advantageous developments of the invention are indicated in 
the dependent claims. 

When the pressure chambers have different pressurization 
areas, a crosswise changeover of the chambers is meaningful 
in order to ensure that the total displaced volume per 
distance in both adjusting directions is identical. 
Otherwise, operation in the closed circuit is not possible. 

Setting of the steering direction and the steering angle 
may be actuated by means of a steering wheel or a joystick 
as a steering organ. 

In a first embodiment of the invention, the control signals 
proportional to the deflection of the steering wheel or 
joystick may take the form of electrical signals. In this 
case, the electrical signals proportional to the deflection 
of the steering wheel and/or joystick activate in each case 
an electrical actuating solenoid at the control inputs of 
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an adjusting valve, by means of which the two adjusting 
pressure chambers of the variation device of the hydraulic 
pump is loaded with adjusting pressure. 

In a second embodiment of the invention, instead of 
electrical activation, hydraulic activation is used. The 
steering wheel influences the adjusting pressure, which is 
generated by a hydraulic pump and fed into the control 
pressure chamber of the adjusting valve. The deflection of 
the joystick varies the adjusting pressure, which is 
generated in a pilot unit and fed likewise into the 
adjusting pressure chambers of the adjusting valve . 

Two embodiments of the invention are illustrated in the 
drawings and described in detail below. The drawings show: 

Fig. 1 a block diagram of a first embodiment of the 

hydraulic steering system according to the 
invention for a vehicle and 



Fig. 2 a second embodiment of the hydraulic steering 

system according to the invention for a vehicle. 

The hydraulic steering system 100 according to the 
invention for a vehicle is described below in its first 
embodiment with reference to Fig. l. 

In Fig. 1 a block diagram of a hydraulic steering system 
100 for a vehicle is illustrated, which comprises a first 
steering cylinder 1 and a second steering cylinder 2. 
Displaceably guided in the steering cylinder 1 is an 
adjusting piston 3, which is mechanically coupled to the, 
in terms of steering direction and steering angle, variable 
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vehicle wheels or front vehicle (articulated steering) . 
Displaceably guided in the steering cylinder 2 is the 
adjusting piston 4, which is likewise mechanically coupled 
to the, in terms of steering direction and steering angle, 
variable vehicle wheels. Each of the first and second 
steering cylinders 1 and 2 is mechanically connected at its 
piston-side end to the vehicle body 5. 

The first steering cylinder 1 has a piston-side adjusting 
pressure chamber 6 and a piston-rod- side adjusting pressure 
chamber 7, The second steering cylinder 2 likewise has a 
piston-side adjusting pressure chamber 8 and a piston-rod- 
side adjusting pressure chamber 9. 

In order to achieve a deflection of the vehicle wheels in a 
specific steering direction at a specific steering angle 
through mechanical displacement of the adjusting pistons 3 
and 4 of the first and second steering cylinders 1 and 2, 
the first and second steering cylinders 1 and 2 are, with 
regard to their adjusting piston rods 3 and 4, oriented 
relative to one another at an angle a of up to max. 90®, 
In order to achieve an equal effect of both adjusting 
piston movements of the first and second steering cylinders 
1 and 2 upon the turning of the vehicle wheels and/or 
articulated steering in a specific turning direction and at 
a specific turning angle, the piston-side adjusting 
pressure chamber 6 of the first steering cylinder 1 is 
connected by a hydraulic line 10 to the piston-rod-side 
adjusting pressure chamber 9 of the second steering 
cylinder 2. Equally, in this sense the piston-side 
adjusting pressure chamber 7 of the first steering cylinder 
1 is connected by a hydraulic line 11 to the piston-side 
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adjusting pressure chamber 8 of the second steering 
cylinder 2. 

The piston-rod-side adjusting pressure chamber 9 of the 
second steering cylinder 2 is connected by a first 
hydraulic load line 12 to the first port 46 of a variable 
first hydraulic pump 14. The piston-side adjusting 
pressure chamber 8 of the second steering cylinder 2 is 
connected by a second hydraulic load line 13 to the second 
port 15 of the variable first hydraulic pump 14. The 
variable first hydraulic pump 14 is driven via a drive 
shaft 16 by a prime mover (not shown in Fig. 1) , for 
example a diesel -driven generating set. 

An, in each case, first pressure chamber 1 , 9 adjoins the 
associated cylinder piston 3, 4 with a pressurization area 
Al that is smaller than the pressurization area A2, with 
which the, in each case, other second pressure chamber 6, 8 
adjoins the corresponding cylinder piston 3, 4. Each port 
46, 15 of the hydraulic pump 14 is connected to a first 
pressure chamber 7, 9 having a smaller pressurization area 
Al and to a second pressure chamber 8, 6 having a larger 
pressurization area A2 . The effect achieved by this 
crosswise connection is that the volume displaced, on the 
one hand, and the volume replenished, on the other hand, by 
the cylinder pistons 3 and 4 upon displacement in one of 
the two displacement directions are of equal magnitude. 
This enables a closed-circuit operation because, in this 
way, the volume displaced at the hydraulic pump 14 e.g. at 
the port 4 6 corresponds to the volume replenished at the 
hydraulic pump at the other port 15, and vice versa. 
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A feed pump 17 is driven likewise via the drive shaft 16 by 
the prime mover. The feed pump 17 in the present case is a 
hydraulic pump operating in single -quadrant mode, the low- 
pressure port 18 of which is connected by a hydraulic line 
90 via a filter device 91 to a hydraulic tank 92. 

With regard to a pressure limitation, the high-pressure 
port 19 of the feed pump 18 is connected by a hydraulic 
line 20 to a pressure relief valve 23. One of the two 
control ports of the pressure relief valve 23 is connected 
to the hydraulic line 20. At the other control input of 
the pressure relief valve 23 a specific upper pressure 
limit value may be set by means of a spring 24. If the 
pressure in the hydraulic line 2 0 exceeds the upper 
pressure limit value set by the spring 24, then the 
pressure relief valve 23 opens and connects the hydraulic 
line 20 to the hydraulic tank 25. The pressure in the 
hydraulic line 20 is subsequently reduced until a pressure 
corresponding to the upper pressure limit value arises in 
the hydraulic line 2 0 and the pressure relief valve 23 
changes back to the blocked state. 

The high-pressure port 19 of the feed pump 18 is connected 
by the hydraulic line 20 to a first non-return valve 21 and 
a second non-return valve 22. The non-return valve 21 is 
connected by its second port to the hydraulic line 12, 
while the non-return valve 22 is connected by its second 
port to the hydraulic line 13. If the pressure in the 
first hydraulic load line 12 drops below the pressure level 
fixed in the hydraulic line 20 by means of the pressure 
relief valve 23, then the non-return valve 21 opens and 
adapts the pressure in the first hydraulic load line 12 to 
the pressure prevailing in the hydraulic line 20. In a 
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totally analogous manner, if the pressure in the second 
hydraulic load line 13 drops below the pressure level 
prevailing in the hydraulic line 20, the non-return valve 
22 opens and adapts the pressure in the second hydraulic 
load line 13 to the pressure prevailing in the hydraulic 
line 20. 



Connected parallel to the non-return valve 21 is a pressure 
relief valve 26. This pressure relief valve 26 compares 
the pressure value at one of its control inputs in the 
first hydraulic load line 12 with the setpoint pressure 
value set at the other control input by means of a spring 
27 and opens if the pressure in the first hydraulic load 
line 12 exceeds the setpoint pressure value set by means of 
the spring 27. In said case, the pressure in the first 
hydraulic load line 12 is relieved via the pressure relief 
valve 26 into the hydraulic line 20 until the pressure in 
the first hydraulic load line 12 corresponds to the 
setpoint pressure value set at the pressure relief valve 2 6 
by means of the spring 27 and the pressure relief valve 26 
changes back to the blocked state. 

In an analogous manner, a second pressure relief valve 28 
is connected parallel to the non-return valve 22. This 
pressure relief valve 28 compares the pressure prevailing 
in the second hydraulic load line 13 and fed across one of 
its control inputs with a setpoint pressure value set by 
means of a spring 2 9 at its other control input and opens 
if the pressure in the second hydraulic load line 13 
exceeds the setpoint pressure value set by means of the 
spring 29. In said case, the pressure in the second 
hydraulic load line 13 is relieved via the pressure relief 
valve 28 in the hydraulic line 20 until the pressure in the 
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second hydraulic load line 13 corresponds to the setpoint 
pressure value set by means of the spring 2 9 and the 
pressure relief valve 28 changes back to the blocked state. 

Activation of the variable first hydraulic pump 14 is 
effected by means of a variation device 30, the variation 
piston 31 of which is mechanically connected to the swash 
plate (not shown in Fig. 1) of the hydraulic pump 14. The 
variation piston 31 divides the variation device 3 0 into a 
first adjusting pressure chamber 32 and a second adjusting 
pressure chamber 33. The first adjusting pressure chamber 
32 is connected by a hydraulic line 34 to the first output 
65 of an adjusting valve 35, which takes the form of a 4/3- 
way valve. The second adjusting pressure chamber 33 is 
connected by a hydraulic line 36 to the second output 66 of 
the adjusting valve 35. The first input 67 of the 
adjusting valve 35 is connected by a hydraulic line 37 and 
the hydraulic line 20 to the high-pressure port 19 of the 
feed pump 18. The second input 68 is connected by a 
hydraulic line 38 to a hydraulic tank 39. 

Activation of the adjusting valve 31 is effected by means 
of a first control input 40 and a second control input 41, 
which are both designed as electric actuating solenoids. 
By an electric line 41 the electric actuating solenoid of 
the first control input 40 is connected on the one hand to 
a first output of a first transducer 42, which converts the 
mechanical deflection at a first steering organ 43 in the 
form of a steering wheel into a corresponding electrical 
signal, and to a first output of a second transducer 64, 
which converts the mechanical deflection at a second 
steering organ 44 in the form of a joystick (manual control 
device) into a corresponding electrical signal. The 
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electric actuating solenoid of the second control input 41 
is likewise connected by an electric line 45 to a second 
output of the transducer 42 of the steering organ 43 in the 
form of a steering wheel and to a second output of the 
transducer 64 of the second steering organ 44 in the form 
of a joystick. 

When the vehicle driver intends the vehicle wheels to turn 
to the left, the vehicle driver carries out a corresponding 
turn to the left at the first steering organ 43. 
Alternatively, when the vehicle driver intends the vehicle 
wheels to turn to the left, he may displace the second 
steering organ 44 in a deflection direction corresponding 
to the turning of the vehicle wheels to the left. A safety 
interlock of the first and second steering organs 43 and 
44, which is not illustrated in Fig. 1, ensures that both 
steering organs cannot be used simultaneously by the 
vehicle driver. 



This deflection of one of the two steering organs 
corresponding to the turning of the vehicle wheels is 
converted by the respective transducers 42 and 64 into an 
electrical signal, which is supplied via the electric line 
41 to the electric actuating solenoid at the first control 
input 40 of the adjusting valve 35. The electric actuating 
solenoid at the first control input 4 0 leads to a 
deflection of the adjusting valve 35, so that the first 
adjusting pressure chamber 32 of the variation device 30 is 
connected by the hydraulic line 34, 37 and 20 to the high- 
pressure port 19 of the feed pump 17 and the second 
adjusting pressure chamber 33 of the variation device 30 is 
connected by the hydraulic line 36 and 38 to the hydraulic 
tank 39. The variation piston 31 of the variation device 
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30 is then displaced in the direction of a higher adjusting 
pressure at the first port 46 of the variable first 
hydraulic pump 14. 

This higher adjusting pressure at the first port 46 of the 
variable first hydraulic pump 14 is supplied via the first 
hydraulic load line 12 to the piston-rod-side adjusting 
pressure chamber 9 of the second steering cylinder 2 and 
leads to a displacement of the adjusting piston 4 in the 
direction of the piston-side adjusting pressure chamber 8. 
The higher adjusting pressure in the first hydraulic load 
line 12 is supplied via the hydraulic line 10 to the 
piston-side adjusting pressure chamber 6 of the first 
steering cylinder 1, so that the adjusting piston 3 is 
displaced in the direction of the piston-rod-side adjusting 
pressure chamber 7. Both the deflection of the adjusting 
piston 3 of the first steering cylinder 1 and the 
deflection of the adjusting piston 4 of the second steering 
cylinder 2 lead to a turn to the left of the vehicle wheels 
and/or articulated steering. 

When the vehicle driver intends the vehicle wheels to turn 
to the right, the first steering organ 43 is guided into a 
corresponding turn to the right or alternatively the second 
steering organ 44 is guided in a deflection direction 
corresponding to the turn to the right of the vehicle 
wheels, so that the respective transducers 42 and 64 
generate an electrical signal that is supplied via the 
electric line 45 to the electric actuating solenoid at the 
second control input 41 of the adjusting valve 35. The 
adjusting valve 35 is deflected by the electric actuating 
solenoid at the second control input 41 in such a way that 
the first adjusting pressure chamber 32 of the variation 
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device 3 0 is connected by the hydraulic line 34 and 38 to 
the hydraulic tank 3 9 and the second adjusting pressure 
chamber 33 of the variation device 30 is connected by the 
hydraulic line 36, 3 7 and 2 0 to the high-pressure port 19 
of the feed pump 17. The variation piston 31 of the 
variation device 30 is displaced in the direction of a 
higher adjusting pressure at the second port 15 of the 
variable first hydraulic pump 14. 

This higher adjusting pressure at the second port 15 of the 
variable first hydraulic pump 14 is fed via the second 
hydraulic load line 13 into the piston-side adjusting 
pressure chamber of the second steering cylinder 2 and 
leads there to a deflection of the adjusting piston 4 in 
the direction of the piston-rod-side adjusting pressure 
chamber 9. The higher adjusting pressure in the second 
hydraulic load line 13 is supplied via the hydraulic line 
11 to the piston-rod-side adjusting pressure chamber 7 of 
the first steering cylinder 1 and leads there to a 
deflection of the adjusting piston 3 in the direction of 
the piston-side adjusting pressure chamber 6. The 
deflection of the adjusting piston 3 of the first steering 
cylinder 1 and the deflection of the adjusting piston 4 of 
the second steering cylinder 2 lead to a turn to the right 
of the vehicle wheels . 

In order in the event of failure of the variable first 
hydraulic pump 14 to prevent an escape of the hydraulic 
fluid from the adjusting pressure chambers 6 to 9 of the 
first and second steering cylinders 1 and 2 and hence an 
unwanted displacement of the steering angle and/or steering 
direction of the vehicle wheels during travel, in the first 
hydraulic load line 12 a controllable non-return valve 47 
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and in the second hydraulic load line 13 a further 
controllable non- return valve 4 8 is inserted. The opener 
of the non-return valve 47 is connected by a hydraulic line 
49 to the steering-cylinder-side port of the non-return 
valve 48 in the second hydraulic load line 13. In an 
entirely analogous manner, the opener of the non- return 
valve 48 is connected by the hydraulic line 50 to the 
steering-cylinder-side port of the non-return valve 47 in 
the first hydraulic load line 12. It is thereby guaranteed 
that both non-return valves 47 and 48 in the first and 
second hydraulic load lines 12 and 13 are open 
simultaneously and so the hydraulic fluid quantity, which 
is supplied through the first or second hydraulic load line 
12 or 13 to the steering cylinders, may be returned in the, 
in each case, complementary second or first hydraulic load 
line 13 or 12 within the closed circuit to the variable 
first hydraulic pump 14. 

In contrast to the first embodiment of the hydraulic 

steering system 100 according to the invention of Fig. l, 

in which electric activation of the adjusting valve 35 is 

realized. Fig. 2 shows a second embodiment of the hydraulic 

steering system 100 according to the invention with 

hydraulic activation of the adjusting valve 35. For the 

sake of uniformity, in Fig. 2 identical reference 

characters are used for components that are identical to 
Fig. 1. 



Instead of the electric actuating solenoids, the first 
control input 4 0 and the second control input 41 have in 
each case an adjusting pressure chamber for hydraulic 
activation of the adjusting valve 35. The adjusting 
pressure chamber of the first control input 40 is supplied 



wo 2005/007488 PCT/EP2004/005904 

16 

through the hydraulic line 41 either by the pressure at the 
first port 51 of the variable second hydraulic pump 52 or 
by the pressure at the first output 53 of the pilot unit 
54. In an entirely analogous manner, the adjusting 
pressure chamber of the second control input 41 is supplied 
through the hydraulic line 4 5 by the pressure at the second 
port 55 of the variable second hydraulic pump 52 or by the 
pressure at the second output 56 of the pilot unit 54. The 
adjusting pressure prevailing at the first and second ports 
51 and 52 of the variable second hydraulic pump 52 may be 
set by a variation device (not shown in Fig. 2) by virtue 
of appropriate turning of a first steering organ 43 in the 
form of a steering wheel, which is mechanically connected 
to the variation device. 



The first input 57 of the pilot unit 54 is connected by a 
hydraulic line 58 to the high-pressure port 19 of the feed 
pump 17. The second input 59 of the pilot unit 54 is 
connected by a hydraulic line 60 to a hydraulic tank 61. 
By means of the two pressure relief valves 62 and 63, both 
inputs of which are connected in each case to the first and 
second input 57 and 59 of the pilot unit 54, the adjusting 
pressure prevailing at the first and second output 53 and 
56 may be set through deflection of the second steering 
organ 44 in the form of a joystick. For this purpose, the 
mechanical deflection of the second steering organ 44 is 
conducted to one of the two control inputs of the two 
pressure reduction valves 60 and 63. In proportion to the 
pressure difference between the control pressure, which is 
produced by the deflection of the second steering organ 44 
at one of the two control inputs of the pressure reduction 
valve 62, and the adjusting pressure at the first output 53 
of the pilot unit 54 that is conducted to the other control 
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input of the pressure reduction valve 62, the pressure 
reduction valve 62 puts through to the first output 53 of 
the pilot unit 54 a proportional pressure between the 
pressures prevailing at the first and second input 57 and 
59 of the pilot unit 54. In an analogous manner, in 
proportion to the pressure difference between the control 
pressure, which is produced by the deflection of the second 
steering organ 44 at one of the two control inputs of the 
pressure reduction valve 63, and the adjusting pressure at 
the second output 56 of the pilot unit 54 that is conducted 
to the other control input of the pressure reduction valve 
63, the pressure reduction valve 62 puts through to the 
second output 56 of the pilot unit 54 a proportional 
pressure between the pressures prevailing at the first and 
second input 57 and 59 of the pilot unit 54. 

The effect achievable by means of the safety interlock of 
the first and second steering organs 43 and 44, which has 
already been mentioned in the description of the first 
embodiment of the hydraulic steering system 100 according 
to the invention and is likewise not shown in Fig. 2, is 
that the vehicle driver alternatively uses only one of the 
two steering organs 43 and 44. It is thereby guaranteed 
that in the two hydraulic lines 41 and 45 in each case only 
one adjusting pressure pair of the variable second 
hydraulic pump 52 or of the pilot unit 54 arises. 

As the mode of operation of the variation of the variable 
first hydraulic pump 14 by means of the variation device 
30, which is activated by the adjusting valve 35, and the 
mode of operation of the steering cylinder arrangement in 
the second embodiment of the hydraulic steering system 100 
according to the invention corresponds to the mode of 
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operation of the corresponding components in the first 
embodiment of the hydraulic steering system 100 according 
to the invention, there is no need at this point for a 
repeat description of this mode of operation. 



